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Description 

The present invention relates to a propylene-1 -butene copotymer, and a thermoplastic resin composition. Mae par- 
ticutarty. it relates to a novel propylene-l -butene copolymer wtirch gives a thermoplastic resin composition having excel- 
5 lent flexibility, tensile elongajion characteristics, scratch resistance and transparency when mixing with a resin such as 
polypropylene, and a thermoplastic resin composition containing said propylene-l -butene copolymer and a potyolefin 
resin. 

The propylene-1 -butene copolymer is used in melt molded articles (e.g. fims and sheets) as a soft or semirigid 
rerin material which is siperior e.g. in transparency, surface non-tackiness and tensile characteristics. It is blended with 
10 a resin such as polypropylene and is also used for improvement of e.g. heat sealability and impact resistance widely. 
U.a Patent Na 2918457 discloses a propylene-1 -butene copolymer produced by using titanium trichloride. Since 
the propylene-1-butene copolymer has high hardness, when using the propylene-1 -butene copolymer for modification 
of pdypropytene. it is effective for inrprovement of heat sealbility and impact resistance, but the flexbclity, tensile elon- 
gation characteristics arxj scratch resistance are not improved Since the propytene-1 -butene copolymer contains a 
IS low-nrx)lecular weight component there also arose a problem that tackiness is remained on the surface of a molded arti- 
cle. 

JP-A-53-79984, 54-85293. 60^14. 62-1 19212 an 62-1 19213 disdose a propytene-l -butene copolymer contain- 
ing no low-nrK3lacular weight component and use thereof. Since these propyiene-1 -butene copolymers have high hard- 
ness, when using them for modification of polypropylene, the surface tackiness of the molded article is inhfeited and the 
20 heat seatabiity and impact resistance are inproved. but the flexibility, tensile elongation characteristics and scratch 
resistance are not impnaved. 

JP-A-50-38787 cfisctoses that an amorphous propylene-1 -butene copolymer can be obtained by using a titanium 
trichloride catalyst at 140 to 250'>C. When using such a copolymer for modification of polypropylene, the flexfetlity, ten- 
sile ek)ngatk)n characteristics, scratch resistance and transparency are improved, but the properties such as flexibility. 
25 tensMe elongatnn characteristics, scratch resistance and transparency are -proved only to some extent. These proper- 
ties couM be well improved by using a large amount of propylene-1 -butene copolymer, but properties such as strength 
and heat resistance become worth. Because ttie said propylene-1 -butene copolymer is heterogeneous in composition 
distribution and molecular weight distribution and shows significant crystallinity derived from said heterogeneity, f lexfeil- 
ity. tensile efongation ^taracteristics. scratch resistance and transparency are improved, but strengtti and heat resist- 
30 ance are not suffidentiy inproved. 

As polypropylene tiiermoplastic resin composition containing propylene-1 -butene copolymer, for example, a pdy- 
propytene thermoplastic resin composition containing a propylene-1 -butene copolymer which is crystallizable is dis- 
closed in JP-A-8-12719. 

Furthermore, a polypropylene thermoplastic resin composition containing a propylene-1 -butene copolymer having 
35 a crystallinity of 10 to 30% is discfosed in JP-A-7-42367. However, these pnopylene-1 -butene copolymers have high 
hardness arxl thefiexibtlity imparting effect was not recognized in the polypropylene thermoplastic composition contain- 
ing these propylene-l -butene copolymer. 

It is an oisject of the invention to provide a propylene-1 -butene copolymer, which does not cause the problems as 
described abova This object coM be achieved on the basis of the finding that a novel propylene-1 -butene copolymer 
40 having a specific Shore A-scale hardness and a specific intrinsic viscosity [x\] and having neither of a crystalline melting 
peak and a crystaHization peak in case of measuring by a differential scanning calorimeter (DSC), when mixed witii a 
resin sixh as polypropylene can provide a themioplastic resin composition having excellent flexbiGty, tensile ekxigation 
characteristics, scratch resistance and transparency 

Furthemrare. it has been found that a polyolef in material using the propyfene-1 -butene copotymer havn^ a specific 
45 Shore A-scale hardness and a specific imrinsic viscosity [t]] and having neither of a crystalline melting peak and a crys- 
tallization peak in case of measuring by a cffferential scanning calorimeter (DSC)as a mocfifier is siperior in f [exft>iiity. 
tensfle elongatfon characteristics, scratch resistance and transpareiKy* 

That is, the present inverrtion provides a propylene-1 -butene copolymer wherein the Shore A-scale hardness 
measured according to ASTM D2240 is not more ttian 70 and the intrinsk; viscosity [n] measured in a xylene sotverrt at 
so the tennperature of 70°C is not less than 0.3 and the copotymer has neither a crystalline melting peak nor a crystalliza- 
tion peak in case of nrieasuring by a differential scanning calorimeter (DSC). 

The present invention also provfoes a thermoplastic resin conposrtion comprising 3 to 95% by weight of said pro- 
pytene-1 -butene copolymer and 97 to 5% by weight of a polyolef in resin. 

Regarding the pnopylene-l -butene copolymer of the present invention, the Shore A-scale hardness measured 
55 according to ASTM D2240 is not more than 70. preferably not more than 60. When the hardness is too high, the result- 
ing themxxslastic resin con^^ositton is inferior in f lexfoHrty. 

Regarding the propytene-l -butene copolymer of the present invention, the intrinsic viscosity [ti] measured in a 
xylene solvent at the temperature of 70°C is not less than 0.3. preferably not less than 0.5. When the intiineic viscosity 
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is too low, the resutting thermoplastic resin composition is inferior in tensile elongation characteristics. 

The measurement of the intrinsic viscosity [n] is conducted in xylene at 7(^0, using an Ubbelloide viscometer. A 
sanrple (300 mg) is dissolved in 100 ml of xylene to prepare a solution (3 mgAnl). Furthermore, the solution is diluted in 
a dilution of 1 2, 1 :3 and 1:5 and then measured in a constant-temperature water bath at 70^C(iO. VC). respectively. 
5 The measurement is repeated three times at each concentration, and the resulting values are used after averaging. 

Regarding the propytene-1-butene copolymer of the oresertt invention, those having neither a crystalline melting 
peak nor a crystallization peak in case of measuring tjy a differential scanning cakxi meter (DSC) are preferatsle. When 
such a condition is not satisfied, the resutting thermoplastic resin composition is inferior in flex)t)ility. 

In heating and cooling processes, the measurement is conducted at a rate of lO^'CMinute using a differential scan- 
10 ning calainneter (DSC220C, manufactured by Seiko Denshi Kbgyo Ca. Ltd.). 

As tiie propylene- 1-butene copolymer of the presem invention, those having a molecular weight distribution 
(Mw/Mn) measured by gel permeation chronutography (QPC) of not more than 3 are preferable. When the moteoiar 
weight distritxition is too wide, the sticMness of the thennoplastic resin composition using the copolymer as a modifier 
may t>ecome larger. 

75 The molecular weight distritxition is determined by gel permeation chromatography (GPC) (150C/GPC device, 
manufactured by Waters Co.). The eluting temperature is 14(rC and Sodex Packed Column A-80M is used as a column 
arvJ, furthennore. polystyrene (manufactured by Toso Co., molecular weight 68-8,400,000) is used as a molecular 
weight standard substance. The resulting weight-average molecUar weight (Mw) (In temns of polystyrene), number- 
average molecular weight (Mn) and ratio (f^w/Mn) are taken as the moleoiar weight distribution. A measuring sample 

20 is prepared by dissolving a polymer (about 5 mg) in 5 ml of o-dchlorobenzene in a concentration of about 1 mgM. 400 
fil of the resulting sample solution is injected and the refractive index is detected at a solvent eluting rate of 1 .0 ml/min 
using a refractive index detector. 

Rexibility of the thermoplastic resin composition comprising polyotefine resin and propyiene-1-butene copolymer 
could be controlled arbitrarily by changing the addition amount of copolymer of the present invention. However, from the 

25 view point of the property balance such as mechanical sti'ength and heat resistance ability, addition of minimum amount 
of the propyfene-1 -butene copolymer is preferable. The f lexural modulus of the composition comprising homopolypro- 
pylene and propylene-1 -butene copolymer of the present invention is preferably less than 2500 kgf/cnf . more prefer- 
ably less than 2300 l^cm^. most preferably less than 2000 kgt/cm? when the composition was obtained by blerxiing 
homopolypropylene and propytene-1 -butene copolymer in the weight ratio of 50/50. When the f lexural modulus is out 

30 of the above-mentioned range, mechanical strer)gth and heat resistance of the thermoplastic resin nnay become poor. 
In the present invention, propytene-1 -butene copolymer satisfying in the following equation is preferatily used. 

UsSx[(T/100)xV]^ 

35 U: the flexural modulus of the thermoplastic resin conposttion 
S: the f lexural modulus of the homopolypropylene 

T: conterrt of the honnopolypropylene in tiie tiienmoptastic resin composition (wt%) 

V is preferably 1.1. nxxe preferably 1 .0. further more preferably 0.9, most preferably 0.8. When the flexural nKXiulus 
40 of the thermoplastic resin composition is out of the akxsve-menttoned range. t>alance of mechanical strength and heat 
resistance may become worth. 

In this case, the propylene-1 -butene copolymer satisfying in the following equation is preferably used. 

WsTxZ 

45 

T represents content of the homopolypropylene in the thernrK}plastic resin corrposition (wt%), W represents scratch 
deptti (mhi). wherein Z is preferably 1 .0. mae preferably 0.9. further more preferably 0.8. most preferably 0.7. Measure- 
ment of scratch depth of the composition: 

A scratch mark was made by scratching a press sheet having a thickness of 2 mm at a fixed rate by a scratching 

so needle wHh a k>ad of 500 g, using a surface properties measuring device Tribogear (manufactured by Shinto Kagaku 
Co.). The depth of the scratch mark was measured by a contact type surface roughness meter Surfcom (manufactured 
by Tokyo Seimitsu Co.) in the order of pm. 

When the scratch depth of the thernrxsplastic resin is out of the atxsve-mentkxied range. t>alance of mechanical 
strength and heat resistance n^ become worth. 

55 The content of 1 -butene in the propylene-1 -butene copolymer of the present invention is preferably from 0.5 to 90% 
by mol. nxxe preferably from 1 to 70% by mol When the content of 1 -butene is too small, sufficient improving effect is 
not obtained sometimes. On the other hand, when the content of 1 -butene is too large, the molecular weight of the pol- 
ymer may t)e drastically deaeased. Also in this case, sufficient improving effect particularly tensile elongation charac- 
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teristics of the thermoplastic resin oomposition. is deteriorated sometimes. 

Regarding the propylene- 1 -butane copoJymer of the presem invention, the content of a boiling n-heptane-insoluWe 
matter is preferably not more than 5% by weight more preferaWy not nrxjre than 3% by weight When the content of the 
insoluble matter is too large, the resulting Uend conposition is inferior in flexibility sometimes. 

Regarding the propylene-l-butene copotymer of the present invention, the content of a boiling methyl acetate-sol- 
uble matter is preferably not more than 2% by weight When the content of the soluble portion is too large, the stickmess 
of the thernxsplastic resin composition using the copolymer as a modifier becomes larger sometimes. 

Regarding the propylene-1-butene copolymer, the arrangement of the propylene and/or 1 -txxtene side chain s1k)ws 
preferEibty an atactic structure. The fact that the orientation of the side chain of propylene and.'or 1-butene shows an 
atactic structure means the case where the orientation of the side chain of the propylene chain in the copolymer shows 
an atactic structure, the case where the orientation of the side chain of the 1 -butene chain in the copolymer shows an 
atactic structure, or the case where the orientation of the side chain of the propylene/1 -butene combined chain in the 
copolymer shows an atactic structure. The fact that the propylene- 1 -butene copolymer of the present im'ention shows 
an atactic structure can be oonftmied. for example, by the followings. That is. when a homopdypropylene is polymer- 
ized by using a transition metal complex used in the polymerization of the propylene- 1-butene copolymer of the present 
invention, the resulting homopolypropylene has a structwe that a F( 1 ) value, which is defined by the following equation 
using each signal intensity [mm], [mrj and [rr] belonging to mm. mr and rr of propyienemethyl carbon decided by ^^C 
NM R spectrum, is from 40 to 60. preferably from 43 to 57. more preferably from 45 to 55. 

F(1) . 100 X {mr]/amm] + (mr] + (rrD 

In the soTilar way, it is possble to confirm that the propylene copolymer of the present invention shows an atactic 
structure by the tact that a value con-esponding to F(1). which is determined by each signal intensity belonging to mm, 
mr and n- of propyienemethyl carbon, branched mettiylene carbon of 1 -butene and branched terminal methyl carbon of 
1 -butene. is within the above rangei When the propylene-l -butene copolymer does not show an atactic structure, the 
hardness may be high and the resulting thermoplastic resin composition is inferior in fleodbilrty 6ometime& Incidentally, 
as regards the atlrixjtiondnrmrnr and rr signals of propyienemethyl carbon, branched methylene cartxxi of 1-butene 
and branched terntinal methyl carbon of 1 -butene it can be referred to T Asakura. Maaomolecules. Vol.24, page 2334 
(1991) and Shinpan Kdbunshi Bunseki Hand Book (1995). issued by Kinokuniya Shoten. 

The propylene-1 -butene copotymer of the present invention is preferably produced by polymerizing propylene with 
1 -butene ustrtg a catalyst to give a copolymer having neither a crystalline melting peak na a crystallization peak in case 
of measuring by a differential scanning catorimeter (DSC). 

As the catalyst those represented by the folk)wing chemk:al famuia (1): 




(wherein represents a transition metal atom of Group 4 of the periodic table of the elements; A represents an atom 
of Group 16 of the periodic table of the elements: B represents an atom of Group 14 of the periodic table of the ele- 
ments; Cp^ represents a group having a cyctopentadiene form ankxi skeleton; X\ X^, R\ F^. R^, R*, R^ anj R® inde- 
pendently represent a hydrogen atom, a halogen atom, an alkyl group having 1 to 20 caitxxi atoms which may be 
suk>stituted with a halogen atom, an aralkyf group having 7 to 20 cartxxi atoms which may be substituted with a halogen 
atom, an aryl group having 6 to 20 carbon 6i(xns which may be substituted with a halogen atom, a substituted silyl 
group having 1 to 20 cartxxi atoms which may be substituted with a halogen atom, an alkoxy group having 1 to 20 car- 
bon atoms which may be substituted with a hatogen atom, an aralkyloxy group having 7 to 20 carbon atoms which may 
be substituted with a halogen atom, an aryloxy group having 6 to 20 camon atoms which may be substituted with a hal- 
ogen atom, or a di-substituted amino group having 2 to 20 cartxjn atoms, provided that H\ R^, R^, R*. R^ and R^ may 
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optionally be combined with each other to torm a ring) are preferable. 

Specific GxatvfikBS of the transition metal complex represented by the chemical formula [I] include transition metal 
conplexes wherein B in the chemical formula [Q is a carbon atom, such as m6thylene(cyck)pentadtdnyt)(3.5*dimethyl- 
2-phenoxy)titanium dichloride. methylene(cyctopentadienyt)(3-tert-butyl-2-phenQKy)titaniiffn dichloride, methyl- 

5 ene(cyck3(Mntadienyl)(3'tert-butyl-5-nfiethyt-2i}henoxy)titani dichloride. methytene(cyclopentadienyt)(3-phenyl-2- 
phenaxy)trtanium dichloride. methylene(cyclopentadienyl)(3-tert-butytejtmethylstlyl-S-nwthyl-2-pherK3xy)titant dichlo- 
ride. methylene(cydopentadienyl)(3-triniethyl8tlyl-5HTiethyt-2-phenoxy)titB^ dichloride. methylene(cyclopentadi- 
enyl)(3-tert-butyl-5-methoo(y-2-phenaxy)titanium dichloride. methylene(cyck)pentadienyO{3-terl-butyl-5-chioro-2- 
phenoKy)titanium dichloride. methylene(niethytcyck)pentadienyO(3,5<fm6thyl*2-phenQxy)titanium dichloride. methyl- 

70 en6(methylcydopentadienyQ(3-tert-butyl-2-phenaxy)titanium dichloride. m0thylene(methyk:yctopentadieny1)(3-tert- 
butyl-5-methyl-2-phenQxy)titanium dichloride. methylene(methylcyclopentadienyl)(3-pheny1-2-phenaxy)titanium dichlo- 
ride, methylene(methylcydopentadienyO(3*tert-butytiinfi6thyl8ilyl-5-mett^ dichloride, methyl- 
ene(m0t^lylcyctopentadienyO(3•trimethyt8ilyl-5-rnethyl-2<>henQxy)trt^ dichloride, 
methylene(nriethylcydapentadtenyl)(3-tert-butyl-5^e(haKy-2-pherioxy)titan^ dichloride. nDethylene(methylcyclopen- 

15 tadienyl)(3-tert-butyl-5-Ghloro-2-pherKXxy)titanium dichloride, nf)6thy1ene(tert-butylcyclopentadtenyl)(3.5-dini6thyt-2- 
phenGKy)titanium dichloride, methytene(tert-butylcyciopentadienyO(3-tert-4xityl-2i3henoxy)titani dichloride, methyl- 
ene(tert-butylGydopentadienyO(3-tert-butyl-6-methyl-2i)henaxy) dichloride, nfiethylene(tert-butylcyclopentadi- 
enyl)(3i)henyl-2-phenaxy)titanium dichloride. niethylene(tert-butylcydGpentadienyf)(3-ted-butykf meth)^ 
2-phenaKy)titanium dicNoride. niethylene(tert-butylcydoperitadienyq{3-trimetfiylsilyl-5-^^ 

20 dichloride. melhytene(tert4xjtylcyclopentadienyO(3-tert-butyl-5-rT^ dichloride. methylene(tert- 

butytcydopentacfienyQ(3-tert-bu^l-5<hloro-2-phenQocy^ dichloride, niethylene(t0tramethytcydoperTtadi- 

enyQ(3.&<iimethy1-2-phenaxy)tit8nium dichloride. nrathylene(tetranwthylcydopentadienylK3-4ert-butyl-2-pheru3xy)tita- 
nium dichloride, methy1ene(tetramethytcyclopentadieriyQ(3-tert-buty1-5-m8thyl-2-^ dichloride. 
methylene(tetramethylcydopentadieriyl)(3i3henyl-2<)henoKy)titani cfichloride, methylene(tetrannethylcydopentadl- 

25 enyl)(3-tart<4xityldimethyteityl-5<nethyl-2i>her%^ dichloride, methylm(tetramethylcyctopentadienyQ{3-tri- 

methylsityl-5-nrie1hyl-2-phenQxy)titankjm dichloride. methylene(tetramethylcyck)peritadieriyO(3-tertWyl^metK^ 
phenaxy)titanium dichloride, methylene(tetrBmethylcyck)pemadierryO(3-tert4xJtyl-5<hloro-2-F^ dichfo- 
ride. methylene(trin)ethytsilylcydopenladienyl)(3.5<jimettiyi-2i^ cfichloride, met^ene(trimethy1silylcy- 

ck3perTtadienyQ^-tert-4xityl-2-phenQocy)titaritum drcNoride, me1hylene(trimethyt6ilylcyclopentadienyO(3-tert-butyl-5- 

30 m0thyl-2-phenaxy}tltanium dichloride. methylene(trimethyt8ilylcyclopentadienyl)(3i>henyl-2i)henox^^ dicNo- 
rida mett^ene(trimethyfsilyk:yck)pentad6nyiK3-tert-butyldimethylsilyf^ methyl* 
ene(trirn6thyl8ttylcydopentadienyl)(3-trinie4hyisityl-& dichloride. 
methylene(trimethylsilylcydopentadienyO(3-tert-butyl-5-m dichloride. methylene(trimethyt8i- 

lylcyclopentadieriyO{3-tert-butyt-5<Woro-2-phenaxy)titanium dichloride, methylene(fluorenyl)(3.5-dimethyl-2-phe- 

35 naxy)titanium dichloride. me(hylene(fluorenyl)(3-tert-butyl-2-phenQxy)titanium dichloride, metf^ene(fluorenyl)(3-tert- 
butyl-5HT)ethyl-2-phenox^titanium dichloride. methylene(ftuoreny0(3-phenyl-2-phenG0(y)titanium dichloride, methyl- 
ene(fluorenyO(3-tert-butyldimethylsilyl<5-methyl-2-pte dichloride. methylene(fluorenyl)(3-trim6thylsilyl-5- 

m0thyl-2-ph6naxy)titanium dichloride, nrietfiylerm(fluorenyQ(3-tert-butyl-5-niethaKy-2-phenox^ dichloride. 
mett^ene(fluorenyl}(3-tert4xjtyl*5<hloro-2-phenoxy)titani^ dichloride, isopropyljdene(cyclopentadi6nyf)(3.5-dime- 

40 thyl-2i3henoKy)titanitfn dichloride. i80propylidene(cyclopentadiertyO(3-tert-biityl-2-phenQKy)titanium dichloride, tsopro- 
pylidene(cydopentadienyl)(3-tert-butyl-5MTiethyl-2-phenoxy)titanium (£chloride, isopropylidene(cyclopentadienyt)[3- 
phenyl-2-pheroxy}titanium dichloride. isopropyliden€<cyclopentadienyl)(3-tert-butyldimethytsilyl-5-rn6thyl-2i^e- 
naxy)titanium dichloride, isopfopylidene(cydoperitadienyl)(3-trimethytsilyl^HTYe(hyl-2i3henaxy)titara dichloride. iso- 
propyridene(cydopentadienyq(3-tert-^xityl-5-methaxy-2-phenoK^^ dichloride, 

45 isopropytidene(cycloperitadi^iyO(3-tert-butyl-5-chloro-2i3henQx^ti^ dichloride. isopropyiidene(methylcyclopen- 
tadienyl)(3,5<limethyl-2-phenoxy)titanium dichloride, i80propylidene(methylcyclopentadienyl)(3-tert-butyl-2-phe- 
noxy)titantum dicNoride, isopropylidene(methylcydopentadiertyO(3-tert-butyl-5<nethyl-2-phenoo(y)t^^ dichloride, 
isopropylidene(methylcyclopemadienyl)(3-pherTyl-2-phenoxy)titantum dichloride. tsopropylideneCmethylcydopentadi- 
erryl)(3-tert-4xityldinfietiiyl8ityt-54nethyl-2-pheru3xy)t^ dichloride, tGopropylidene(nf)6thylcyclopemadienyt)(3-tri- 

so methylsityl-5-methyl-2'phenoxy)tftanium dichloride, isoprDpylidene(methylcyclopentadienyO(3-tert-butyl^nie1hoxy-2- 
phenoKy)titanium dichloride. tsopropyl)dene(methylcydopernadienyf)(3-tert-butyh5<htoro-2-pherx}xy)^ dichlo- 
ride, isopropylidene(tert-butylcycloperTtadieriyO(3,5-dmethyl-2-phenoxy)titanium dichloride. isoprQpylidene(tert-butyt- 
cyclopentadienylX3-tert-butyt-2-phenoxy)titanium dichloride, isopropylidene(tert-butylcyclopentadienyO(3-tert-butyl-5- 
methy1-2-phenoxy)titanium dichloride. isopropylidene(tert-butylcyciopentadienyO(3-phenyl-2-phenQxy)titanium dichlo- 

55 ride. isopropylidene(tert-butylcydopentadienyl](3-tert'butyldimmhyl8llyl-5Hne dichloride. iso- 

propytidene{tert-butylcydopentadienyl)(3-trimethyteilyl-5-methyl-2-phena^ dichloride. isopropylidene(tert- 

butytcyclopentadtenyl)(3-tert-butyl*5-methoxy-2-phenoxy)titantum dichloride. isopropylidene(tert*butylcydopentadi- 
enyt)(3-tert-butyt-5-chloro-2-phenoxy)trtanium dichloride. i&opropylidene(tetramethylcyclopentadienyl)(3,5-d(methyt-2- 
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phenoKy)titanium dichloride. i8opropytidene(tetram6thylcydopernadienyO(3-tert-b^ dichloride. 
isopropylidme(tetranriethyk:ydopent8di6nyO(3-t6rt dichtoride. ieoprapyfi- 

den6(tGtrarnethylcydQp6ntadieny1)(3-phenyl-2i}h^ dtcNoride. i&opropyldene(tetmmethytcyclopGritadi- 

enyO(3-tert<-but]^methytsiiyl-5-rne^ dichloride. (80propylidene(tetramethyk:ydGpentadienyl)(3- 

trini6th^yl-5-methyl-2i}henoxy)titaniurri dichlonde. isopropytid6ne(t8tmmethylcydopentadienyq(3-t6rt^^ 
chloro-2-ph6nGKy)titanium dicNoride. iGopropytidene(trtmethyl8jlyk:ydop6madienylX3.5<limeth^ 
dichloride, isopropylidene(trimethyfsitytcycloperitadi6riyO(3-tert4)utyl-^^ dichlorida i&apropylidene(tri- 

methytsitylcyclopentadlenylX3-tert-Uity1-5-metf^ dichtoride, isopropylidene(trimethytsily(cyck)pen- 

tadienyl)(3-ph6nyt-2-phenaxy)titanium dichloride, isopropytidene(tnmethyl8itylcyclap6rTtadienyt)(3-tert- 
bLrtyklimethyteflyl-5-rnethy1-2i)h6rK2xy)t^ dichlaida. tsopropyiiden6(trimethyl8tlylcyclopernadienyQ0 
ly1^5-methyl-2iti6fKixy)titaniuni dichloride. iscQropylidene(trimethyl8itylcydopemadieriyQ(34er143uty1~S-f^^ 
ph6naxy)titanium dichloride. i8opropyfidene(triinethyl8yylcyctopernadieriylK3-tert-but^^ 
dichloride. isoprGpylid6rie(ftuoreriyQ(3.5<iimethyl-2-phencKy)titariium dichloride, t8opropytiden6(fluoreriylK3-tert-butyt- 
2-phenoxy)titaniumdichlorida t8opn]pyfklene(fluoreriyl)(3-tert-butyl-5-methyl-2-phen^ isopropyli- 
dene(fluor6nyO(3i3h8riyt-2i>henQKy)titanium dtchioride. tsopropyikjene(fliiareriyl)(34ert4xftytitfne^ 
pherxBcypanium dichloride, i8oprDpyfidene(f)iKKeriyO(3-trimethy1&ilyl^nr^^ dichloride, isopro- 

pytidene9luorefiyO(3-tertHxityl-5-metf^ dichlaide, tsopropyfidene(nuorenyO(3-tert-butyl-5- 

chloro-2i)hena)cy)titanium dichloride, ciiphenylrnettiyler)e(cydcperitadienyQ(3.5-di^^ dichlo- 
ride, dphenytmethylene (cyck)peritadieriyi)(3-tert-txJtyl-2i3henoK^tanium <£phenylm6t^ene (cydoperrta- 
dienyl)(3-tert-ixityl-5Hnethyf-2i)henax^tiM dichloride. diphenylmettiylene (cydopemacfenyO(aii>heny1*2- 
phenax^titanium dichloride, diphenytmethylene (cyctop6ntadienyl)(3-tert-butyUinrathyt8ilyl-54Ti^ 
nium dtchioride, dphenylmethyfene (cyctopernadenylX3-trirnethylsilyl-5-m dichloride, diphe- 
nytmethylene (cydoperitadieny()(3-tert-butyl*5-methaxy-2-ph6nQxy)t^ dichloride. d^enytmethylene 
(cyciopentadienyO(3-tert-butyt-5<hlofO-2-phernxy)t^ dichloride, diphenytmethylene (methytcydopentadi* 
enyQ(3.5-diniettv^2i)hencKy)titanium dichloride, diphenytmethylene (methylcydop«fitadienyl}(3-tert-butyl-2-phe- 
nox)^titantum dichloride. diphertylmethylene (methylcydopentadienyl) (3-tert-butyl-5-methyt-2-phenoKy)titanium 
dichloride, diphenytmethylene (methylcydopentadienyl} (3-phenyt-2-phenoxy)titanium (fichtoride, d^enytniethytene 
(methylcydopentadienyi) (3-tert-butyldimethylsilyl*5HT^thy1-2i>henaxy)titaniu^ dichloride, d^henylmethylene (methyl- 
cydopentadienyl) (34rinietf^yl-5-methyl-2-phenoxy)tjtanium dichloride. diphenytmethylene (methylcydopentadi- 
enyt) (3-tert-butyl-5-fnethoxy-2-phenQxy)titanium dichlaide, diphenytmethylene (methytcydopentacfienyQ (3-tert-butyt- 
5-chloro-2-phenoxy)titanium dichloride. diphenytmethylene (tert-butylcydopentadienyO (3.5<fimethyl-2-pherK)K^tita- 
nium dichloride. diphenytmethylene (tert-butylcydopentadienyl) (3-tert-txjtyl-2i3henoKy)titanium dichtoride. diphenyt- 
methylene (tert-butylcyclopentadienyQ (3-tert-butyt-5-m6thyl-2-phenQxy)titanium dichloride. diphenytmethylene (tert- 
txitytcydopentadienyO (3-pheny1-2-phenoxy)titanium dichloride, diphenytmethytene (tert-butylcydopentadienyO (3-tert- 
txityldimethyl8flyl-5-methyl-2-pherioxy)titanium dichloride. diphenytmethylene (tert-butytcydopentadienyl) (3-trimethyts- 
i}yl-5-methyt-2-t3henaxy}titanium didiioride. diphenytmethylene (tert-butytcydopentadienyt) (3-ter1-bu^-5-methQxy-2- 
phenGKy)titBnium dichlaide, diphenytmethylene (tert-^xitylcydopentadienyl) (3-tert-butyt-5-chloro-2-pherv3txy)trtanium 
dichloride. diphenytmethylene (tetramethytcydopaitadienyQ (3,5-dmethyl-2-phenQxy)titanium dichloride, diphenyt- 
methylene (tetramethylcydopentadienyt) (3-tert-butyt-2-phenQxy}titamum dichloride, dphenylmethylene (tetramethyt- 
cydopentadienyt) (3-tert-tXityt-5-methyt-2-phenoxy)titanium dichloride, diphenytmethylene 
(tetramethytcydopentadienyO (3-phenyt-2-phenoxy)titantum dichloride. dtphenytmettiylene (tetramethylcydopentadi- 
enyl) (3-tert-butyldiniethyt8ilyt-5-me1hyt-2-phenox^ititanium dichloride. diphenytmethytene (tetramethylcydopentadi- 
enyt) (3-trimethyt8ilyl-5-methyt-2-phenoxy)titanium dichloride, diphenytmethylene (tetramethytcydopentacfienyt) (3-tert- 
txrtyt'S-methoxy-2-phenoxy)tit a nium dichloride, dphenylmethylene (tetramethylcydopentadienyt) (a-tart-butyl-5-chtoro- 
2-phenaxy)titaniimi dichloride. diphenytmethylene (trimethytsilytcyclopentadienyl) (3,5^1imethyt-2-phenQxy)titanium 
dichloride, diphenytmethylene (trimethytsiylcydopentadienyl) (3-tert-cxity(-2-phenoxy)titanium dichloride. (^phenyl- 
methylene (triniethylsilylcydopentadienyl) (3^ert-butyl-5-methyl-2-phenQxy)titanium dichloride, dphenylnwthylene (tri- 
methylsilytcydopentadienyl) (3-phenyt-2-phenoKy)titanium dichloride. diphenytmethytene 
(trimethytaHytcydopentadienyt) (3-tert-buty1dimethyt&ilyl^-methyt-2-phenoxy)titanium dichlaide. diishenylmethylene 
(trimethylsilylcyclopentadienyO (3-trimethytsilyt-5-methyt-2-phenoxy)titanium dichloride, diphenytmethylene (trimethyls- 
itytcydopentadienyl) (3-tert-butyt-5-methQxy-2-phenaxy)titanium dichloride. diphenytmethylene (trimethytsilytcyclopen- 
tadienyQ (3-tert-butyt-5K^loro-2-phenGKy)titanium dichloride. diphenytmethylene (fluorenyQ (3.5-difriethyt-2- 
phencKy)titanium dicNoride. diphenytmethylene (f luaenyi) (3-tert-butyl-2i)henGDcy)titanium dichloride, diphenytmethyt- 
ene (fluaenyO (3-tert-butyl^5-methyt-2-phenoxy)titantum dichloride. diphenytmethylene (fluaenyt) (3-phenyl-2-phe- 
nGxy)titantum didikxide. diphenytmethytene (fluaenyt) (3-tert-butyldtnriethylsilyt-5-methyt-2-phenoxy)titanium 
dichloride. diphenytmethytene (fluorenyt) (3-trimethytsilyt-5-methyl-2-phenoKy)titanium dichloride. diphenytnr>ethylene 
(fluorenyO {3-tert-txrtyl-5-methoxy-2-phenQxy)titanium dichloride and diphenytmethylene (fluaenyt) (3-tert-tXityl-5- 
chlao-2-phenaxy)titanium dichlaide, compounds wherein titanium of these compounds is replaced by zirconium and 
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hafnium, cx)mpounds wherein chlaide of these compounds is replaced by broniide, iodide, dimethytamide. dtethyla- 
mida n-butGodde and tsopropoxidd. connpounds wherein (cyck)pentadienyO of these corrpounds is replaced by (dimeth- 
ytcydopentadienyO. (trimethytoydopentadienyl). (n-butytcydopentadienyl). (1ert-butyldimethylsjlytcydopenladienyl) and 
(inderryO, and connqpounds wherein 3.5-dimethy(-2-phenaxy of these corrpounds is replaced by 2-phenaxy. 3-niethyl-2- 

5 pherraxy, 3,5-d-tert-butyl-2-phenoxy, 3-phenyl^nrtethyl-2-phenaxy. 3-tert-butyttimethylsiIyl-2i)henoocy and 3-trimethy(- 
silyl-2i3herKixy: and transition metal conplexes wherein B in the chemical formula [Q is an atom of Group 1 4 of the peri- 
odic table of the elements other than a carbon atom such as dimethylsilyl(cyclopentadienyl)(2-phenoxy)titanium 
dichtoride, diniethylsflyt(cyckpentadi«iyO(3-methyl-2i)henoxy)titanh^ dichforide. dimethylsilyl(cydopentadienyf)(3.5- 
dimethyl-2-phenoo(y)titanium dichloride. dimeUiytsityl(cyck)pemadienyO(3-t6rt4xityl-2-phenQKy)titani dichforide, 

10 dimethylstlyl(cydopentadienyl)(3-tert-butyt-&-methyt-2i3hen^ dchloride, dimethylsilyl(cycfopentadienyO(3.5- 

di-tert-butyl-2-phenQxy)titanium dichloride. dinwthyfsityl(cycfopentadienyO(5Hnethyt*i^enyl-2i>^^ 
dichloride. dimethyteilyl(cydopenladtenyQ(3-ted-butyUimethytsily^^ dichforide, dimethylsi- 

lyl(cydopentadienyf)(5-niethyl-3-trimettvteilyl-2^^ dichloride. dinrYethylstlyKcydopentadleny1)(3-tert- 

butyt-5-methaxy-2-phenoo(y)titanium dichloride, dimethytsily1(cyck)pentadienyi)(3-tert-buty1-5<hloro-2i:}henoxy)t^^ 

75 nium dichforide. dimethylsilyKcydopentadienyf)(3.5-diarnyl-2i3henQKy)titanium dichloride. dimethyf8ityl(methytcy~ 
ctopentadi6nyl)(2'phenaxy)titanium dicMaide. dimethyl8ityl(methy(cyclopentadtenyO(3-nfi6thyl-2-pi^ 
dichforide. djmethyteay1(methyfoycfopentadienyq(3.5<limethyl-2i)henaxy)^^ dichloride. dimetfiylsayl(methylcy- 
cfopentadienyl)(3-tert-butyt-2-phenoKy)titanium dichloride. dimethylsilyl(methyfoyclopentadienyl)(3-t»rt4xityl-5-m^ 
2-phenQxy)titanium dichforide. dnriethytstlyKmethyfoydopentadienyt)(3.5^i-tert'4xit^ dichforide. 

20 dimethyfsi}yl(methylcydopentadienylK5-memy(-3-pheriyl-2-t)ha dichloride. dimethytsOyt(methylcydopen- 

tadienyO(3-tert-i>utykfimethyt8ayK5-methyl-2-p^ dfohforide. dimemyteayl(methytcydopentadienyl)(5- 

methyl-3-trin)ethyteily)-2-phenax^titanium dichloride, (f rnethyl8tlyl(niethyicycfopen(ta(f eriylX34ert^bu^ 
phenoKy)titantum dichloride. dinfiethylsayl(rnethylcydopentadienyl)(3-tertWyl-5-chfor^ dichforide, 
dimethyt8ilyl(methyfoydopentadi«iyl)(3.5<liamyl-2-phenoxy)tita^ dtcNoride. dimethyteilyt(n-butyfoyclopentadi- 

25 enyf)(2-phenQxy)titanium dichloride. dimethyl8ilyl(n-butyl(^opentadienyQ(3Hnethyt-2-phe^^ dichforide. 
dimettiytsilyl(n-butylcycfopentadienyf)(3.5<linieth^ dichforide. dimethylsilyl(n-butyfoyclopentadi- 

enyO(3-iert-butyt-2-phencKy)titanium dichloride. dintethyisilyKn*butylcyclopentadienyO(3-tert-butyl-5-ni^^ 
noxy)titanaim dichloride. dirnethylsilyl(n-butylcydoperitadienyl)(3.5<ii'tert-buty1-2*p dichloride. 
dimethylsityl(n-butykYdopent8dienyl)(5-methy(^i^ dichforide. dimethyfsilyl(n-butylcyclopen- 

30 tadienyQ(3-tert-butyldffnethyt8iiyl-5-methyl-2-p^ dichloride. dimethyfsilyKn-butytoydopentadienyl)(5- 

methyl-3-trimethyl8ilyl-2-phenax^tilBnium dichforide. dimethyl6ilyl(n-butylcycfopemaeSenylX3-tert4xJtyl-5-m^^ 
phenaxy)titanii0n dichforide. dirnethyteilyl(n-butyicyclopefitadlenyl)(3-tert-butyl-5K:hloro-2-phen^ dichforide. 
dimethylsilyl(n4xitylcyclopentadtenyQ(3.5KjianrTyf-2-phenaxy) dichforide. dtmetl^silyKtert-butylcyclopentadi- 

enyl)(2-phenoxy)titanium dichloride. dimethylsityl(tert-butylcydopemadienyl)(3-nriethy^2-phenaKy)^^ dichloride, 

35 dimetfiytsilyf(tertHCxitylcycfopentadienyl)(3,5Kfinf)e1hy^ dichloride, dlmethylsilyl(tert-butylcyciopenta' 

dienyl)(3-tert-butyl-2i)henQxy)titanium dichloride. dimethytsilyl(tert-butylcycfopemadienyO(3-tert-butyl-5-methy^ 
naxy)trtanium dichforide. dinfwthylsilyl(tert-butylcyclopentadienyO(3,5<fi-tert-4^ dichloride. 
dimethylsilyl(tert4xitytcycfop6ntac£enyO(5-methyl-3i9henyl-2-phenaxy)^ dichforide. dimethylsilytftert-butytoy- 
cfopentadiefYyO(3-tert-butyfotnrwthyl8ttyl-5-m6t^ dichloride. dimethylsilyKtert-butylcydoperTtadi- 

40 enyl)(5-methy^3*trimethyteilyl-2-phenaxy)titaniifn dichloride. dimethytsilyl(tert4xitylcydopentadienyQ(3-tert-but^ 
methOKy-2-phenQxy}titanium dichforide. dinrwthyfsityl(tert-butylcydopentadienyl)(3-tert'4xityf-5<^ 
nium dichloride. dimethyl8iiyKtert-butyfoydopemadienyO(3.5Hiiamyl-2^ dichforide, dlmettrylsi* 

lyl(tetramethylcydopentadieny1)(2-phenQKy)titartium dichloride. <imetfiylsity1(tetrBmethyfoydopentadieny1)(3-methyl-2- 
phenGxy)titanium dichforide. dimethytsilyl(tetraniethytcydopentadierT)^(3,5<limethyl-^ dichforide. 

4s dime1hytsityl(tetraniethylcycfopentadienyO^-tert-butyf-2i3hen^ dichloride. dimemylstlyl(tetrannethylcy- 

dopentadi6riyq(3-tert-butyl-5-methyl-2-phenax^ dichloride. dimethylsityl(t6tramethylcydopentadieny()(3.5-di- 

tert-butyl-2-phenaxy}titanium dichforide. dimethylsilyl{tetramethylcyclopentadienyO(5-meth)rt-^^ 
nium dichloride. dimethyfsayt(tetrarnethyk:ydopentadienyl)(3-tert-butyldini^^ 

dichforide. dinnethytstlyt(tetramethyl<^opentadienyl)(5-methyl-3-U^ dichloride, dimethyl- 

50 silyl(t6tramethyfoydopentadienyq(3-<ert-butyl-5-niethoxy-2i>henQxy)tit^ dichloride. dtmethyteilyl(tetramethytcy- 
clopentadieny1)(3-tert4xityl-5<hloro-2i9herioxy)titanium dichlaide. dimethytsilyl(tetramethylcycfopentadienyl)(3.5- 
diamyt-2-phenoxy)titanium dichloride. dirn8thytsilyl(trimethylsilyfcyctopentadieriyl)(2i3henoxy)titarmjm dichforide. 
dimethyl8ilyt(trimethytsilyfoydopentadierTyQ(3'nr)ethyl-2-phenoxy)tta dichloride. dimethylsilyl(trimethytsitylcy- 
cfopeniadienyt)(3.5K^mettiy1-2i)henoKy)titi9tnium dichloride. dimethylsilyl(trimethytsilylcydopentadieny1}(3-tert-buiyl-2- 
55 phenQxy)titaniiim dichloride, dimethy(silyl(lrimethytsitytcydopentadienyl)(3-tert-t>utyl-5H7ie^ 

dichloride. dimethytsilyl(trimethylsitylcydopentadienyl](3.5<li-tert-butyl-2i>henoKy)ti^ dichloride, dimethytsilyl(tri- 
methylsilylcydopentadienyl)(5-methyl-3-phenyl-2-phenoxy)ttanium dichloride. dtmethylsityl(trimethylsilylcydopent^i- 
enyl)(3-tert-butyfdimethytsilyi-5-methyl-2-phenGKy)titanium dichforide, dimethytsilyl(trimethylsilylcydopentadi6nyl)(5- 
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rnettiyl-3-trimethyteilyi-2i)henoxy)tito dicWoride, dimethylsilyi(trimethyteilylcyctoperTtadienyl)(3-^^^ 
oxy-2-phenGKy)titanium dichlohde. dimethytsityl(trimethytalylcydopentBdienyl)(3-tert-^^ 
nium dichtohde. dimethyl8iiyl(triniethyl8ilylcydopentadieriyl)(3.5H^ dichtoride, 
dimettiy(sily1(indenyO(2i)herKO(y)titanium dichloride. dimethy(8j}yfOndenyl)(3-methyl-2i3hefraKy)titani^ dichtoride. 
dimettiyl8ityl(ifvlenyQ(3,5Klimethyl-2-phaioxy)t^ dichloride, dime(hyl8ityl(indenyl)(3^ert-butyl-2-phenoxy)trt^ 
dichloride, dimethylsityl(indenyl)(3-tert-butyl-6-methyf-2-phena^^ dichloride, dimethyl&ilyl(indenyl)(3,5-di-tert- 

butyl-2-phenaxy)titanium dichloride, dimethytsayt(iridenyQ(5-rnethy1-3-phenyl-2i)henaxy)tfta^ cfichloride, dimethyls- 
ilyiGridenyO(3-tert-butykirnethytsily)-5Hnethyl-2-^ dichloride. dimethyteilyl(indenyO(5-methyl-3-trimelh- 

ylsilyl-2-phenaxy)titanium dicNoride, dtmethyl8ilyl(indenyl)(3-tert-butyl-5HTiettx^ di^iloride, 
dimethyisiMOncienyO{3-tert-butyl-5<hla^^ dichloride. dimethylsilyi(indenyO(3,5-diamyl-2-phe- 

naxy)titanium dichioride. dimethyl6ilyKfluorenyO(2i)henGKy)ti^ dichlorida dimetf^lyl(fluoreriylX3-niethyl-24>he- 
nax)Otrtanium dichloride, dmett^yl(fkJoreriyl)(3,5<limethyl-2i>henoKy^^ dichlonda dimeth)1silyl(ffluorenyl)(3- 
tert-butyl-2-phenaxy)titanium (fichtoride. dinramyl&tlyl(ftuorenyO(3-tert-butyl-5-meth^ dichloride, 
dimethyteityt(fluorenyO(3,5<ii-tert4xxtyl-2-pherKXxy)ttenk^ dicNoride, dimethylsily1(fluorerTylX5-rnethyt-3-phenyl-2- 
pherxxxy)titBnium dichloride. dimethyt8j]yf(fluorenyl)(3-tert-butyldimethylsttyl-5^^^ dichloride. 
dinriethyteilyl(fluorenyO(5-rneth/l-3-trimeCh)^^ dichlorida dimeth)i6iyl(riuoreriyO(3-tert-^t)u^ 

m6thGKy-2-phenoxy)titaniufn dichloride, <inwthyt8ityl(fliM3renyl)(3'tert'4xjty^ dichloride. 
dimethy<sttyltfluorenyO(3.5<fiarny^2i3henaxy)^^ dichloride and dirnethylsiyfCtelramethylcydoperitadien^ 
naphtox)r-2-yl)titanium dchloride. compounds wherein (cydopentadierTyl) of these conpounds rs replaced by (dimeth- 
ylcydopentadenyl), (trimethylcydopentadienyO. (ethylcydopentadienyl). (n-propylcyclopentadtonyf), (tsopropylcy- 
doperrtadienyO. (sec-butyl^clopentadienyQ, OsobutytcydopentadienyO. (tert^xjtyUniethylsiylcyclapGrTt^ 
(pherrylcyclopentadienyQ, (metfytirxJenyl) and (phenytindenyO, conpounds wherein 2-phenao(y of these compounds is 
replaced by 3-phenyl 2-phencKy, 3-trimethytsilyl-2-phenaxy and 3-tert-lxityldimfitfiyteilyl-2-phenaxy, conpounds 
wherein dimethylsilyl of these compounds is replaced by diethylsayl. diphenytstiyi and drnthoxysilyl, compounds 
wherein titarwxn of these compounds is replaced by arconium andMfniiin. and compounds wherein chloride of these 
compounds is replaced by bromide, iodide, dimethytamide. diethylamide, n-butoodde and isopropaxide. The method of 
preparing the transition metal complex represented by the chemical formula [f] is disclosed in JP-A-9-87313. 

As the transiticm metal compjex of the present invention, the foUowing compound (A) and/a compound (6) can be 
used by charging in artMtrary order on polynwization, but the reaction product obtained by previously contacting the 
combination of artxtrary conpounds may be used. 

Compound (A): organoaiuminum corrpound 

As the compound (A), loiown organoaiuminum compounds can be used. Preferable examples include any one of 
(A1) organoaluminiin compound represented by the general formula E^.AiZ3.«. (A2) cyclic aluminaxanes having a 
structure represented by the general formula {-Al(E^O-}t, and (A3) linear aluminaxanes having a structure represented 
by the general formula E^{-AI{E^)-0-}c AIE^2 (wherein E\ E^ and E^ represent a hydrocarbon groip having 1 to 8 car- 
bon atoms, and all of E\ all of and all of E^ may be the same or different: Z represents hydrogen or halogen, and all 
of Z may be the same or differerrt; a represents a numeral of 0 to 3: b represents an integer of 2 or more; ^ 
sents an integer of 1 more) or a mbcture of two or more kinds of them. 

Specific examples of the organoaiuminum corrpound (A1) represented by the general fomrula E^Al^^ include 
trialkylaluminum such as trimethylaluminum. triethylaluminum, tripropylaluminum, triisobutylaluminum arvj trihexylalu- 
minum; dialkytaluminum chloride such as dmethylatuminum chloride, dtettiylaluminum chloride, dipropytaluminum 
chloride, diisobutylaluminum chloride and dihexylalummum chloride: alkylaluminum dichloride such as methylaluminum 
dichloride. ethylaluminum dichloride, propylaluminum dichloride. isobutylaluminum dichloride and hexylaluminum 
dichloride: and dialkytaluminum hydride such as dimethylaluminum hydride, diethylaiuminum hydride, dipnopylalumi- 
num hycfride, diisobutylaluminum hydrkle and dihexytaluminum hydrida 

Among them, trialkylaluminum is preferable, and triethylaluminum and triisobutylaluminum are more preferable. 

Specific examples of E^ and E^ in the cyclic aliminoxane (A2) having a structure represented by ttte gen^ for- 
mula {•Al(E^-0-}b and finear atuminoxane (A3) having a structure represemed by the general formula E^{-Al(E^}-0-}c 
A1E^2 include alkyt groups such as methyl group, ethyl group, n-propyl group, isopropyl group, n-butyi group, isobutyl 
group, n-perrtyl groip and neopentyl group, b is an integer of 2 or more, and c is an integer of 1 or mora Preferatsly, E^ 
and E^ are methyl groups or isobutyl groups, b is 2 to 40 and c is 1 to 40. 

The above aluminoxane is produced by varfous methods. The method is not specifically limited, and the alunvnox- 
ane may be produced by known methods. For exarrple, it is produced by bringing a solution, prepared by dissolving a 
trialkylaiuminum (e.g. trimettiylatuminum) in a suitable solvent (e.g. benzene or aliphatic hydrocartxxi) into contact with 
water. There can also be used a method of bringing a trtalkylaluminun (e.g. trimethylaluminum) into contact with a 
metal salt containing crystallization water (e.g. copper sulfate hydrate). 
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Compound (B) 

As the oorrpound (B). any one of (B1) boron compound represented tsy the general formula BQ^Q^. (B2) boron 
compound represented by the generaJ fommia G*(BQ^Q^^Q^)* and (B3) boron compound represented by the general 
5 formula (L-H)*(BQ'q2q3q*)- ^ ^e used. 

In the boron compound (A1) represented by the general formula BQ^Q^Q^. B represents a trivalent boron atom in 
the valance state; and to may be the same or drfferent and represent a halogen atom, a hydrocarbon atom having 
1 to 20 cartxxi atoms, a halogenated hydrocartx)n atom having 1 to 20 cartx^n atoms, a substituted stiyi group having 
1 to 20 cartx)n atoms, an alkoocy group having 1 to 20 cartx}n atone or an amino group having 2 to 20 caston atoms. 
10 Preferably. to represent a halogen atom, a hydrocartxin atom having 1 to 20 cartx)n atonrs or a halogenated 
hydrocarbon atom having 1 to 20 cartx)n atonrts. 

Specific examples of the compound (B1) include tris(pentaftuorophenyt)txxane. trts(2,3.5.6-tetrBfluorophe- 
nyl)tX3ranei tris(2.3,4,5-tetrafluoropherTyOborane, tris(3,4,5-tnfluorophenyi)borane. tris(2.3,4-trrfluorQphenyl)tx)ranear»d 
phenybis(pemafluorophenyOborane. Anriong them, tnsfperrtaf luorophenyQborane is most preferable. 
IS In the boron compound (B2) represented by the general formula G*(BQ^Q^Q^Q^*. represents an organic cat- 
ion; B repTBsentG a trivalent boron m the valence state; and to are the same as to in the atxsve (Bl). 

In the oonpound represented by the general formula G'^(BQ^Q^Q^)', specific examples of GT^ as an inorganic 
cation include e.g. a ferrocenium cation, alkyl-substituted ferrocenium cation or silver cation, and specific examples of 
Gr^ as an organic cation include a triphenytmethyl cation. Examples of (BQ^Q^Q^^' include tetrakis(pentaftuorophe- 
20 nyl)borBte. t6trakis(2.3.5.6-(etFalluorophenyf)borate. tetrakis(2.3.4.5-tetraftuorophenyl)bOFate. tetrakis(3.4^trtfhjoraph- 
enyf)borate. tetrakts(2.2.4-triftuorophenyl)borBte. pheny(bis(pentafluorophenyl)borate and tetralos (3.5- 
bistrifluoropherTylmethyQborBte. 

Examples of the specific combination of them include ferrocenium tetrakis(pentafluorQphenytx)rate. 1 .1'-dimethyl- 
ferrocenium tetrakis(pentaftuorophenyl)borate, silver tetralas(pentafluorophenyl)borate. trtphenylmethyttetralQS(pen- 
2S taf tuorophenyQborete and triphenylm6ttiyttetrakis(3.5-bistrifluoroph6nyl)borate^ 
Among them. tripherTyttetrakis(pentaf)uoropherTyl)borate is most preferatale. 

In the boron compound (B3) represented by the general formula (L-H)^(6Q^Q^Q^)', (L-H)'*' represents a Broen- 
sted add; B represents a trivalertt boron in the valerice state; and to are the same as to 0^ in the above (B1). 
In the connpound represemed by the general formula (L-HnBQ''Q^Q^'. specific examples of (1+0**^ as Broen- 

30 sted acid include triaikyksubstituted ammonium. N.N-dialkylaniliniimi. dialkylammonium and triarytphosphonium, and 
specific examples of (BQ^Q^Q^)' include the same one as that described above. 

Exanples of the specific combination of them include triethyiammonium tetrakis(pentafkiorophenyl)borate, tripro- 
pylanrmonium tetrakis(pentafiuorophenyl)borate. tri(n-butyQammonium tetraKis(pentafiuorophenyl^rate. tri(n- 
butyQammonium tetralQS(3,5-bistrifhK)rophenyiyx)rate. N.N-cfmethylanilium tetralas(pentafluorophenyl)borBte. N.N- 

35 dietfiytaniiium tetrBlas(pentafluorophenyl)borBte. N.N-2,4.6-pentamethylanilium tetrakis(pentaftuoropheriyl)borate. 
N.N-dimethylaniIium t6tralQS(3,5-bistrifluoromethylphenyOborate. ditsopropylammonium tetraki8(pentafluorophe- 
nyl)borBte. dicydohexyfanrYnonium tetraki8(pentafluorophenyl)borate. triphenytphosphonium telrakis(perTtafluorophe- 
nyl)borate. tri(methylphenyl)phosphonium tetrakis(pentaftuorophenyl)tx>rate. tri(dimetfTy^enyOphosphonium and 
tetialQs(pentafluorophenyObGrate. Anrmg them. tri(n-butyOammonium tatralo&(perTtafluoro)borate or N.N<limethyl- 

^ anilinium tetraKis(perTtafluorophenyOborate is most preferabia 

In the present invention, the transition metal complex represented by the chemical formula [1] and compound (A) 
and^ compound (B) can be used by charging in aft>itrBry order on polymerization, but the reaction product obtained 
by previously contacting the combination of arbitrary oonrpounds may t>e used. 

It is preferable that each catalyst is used so that the molar ratio of the compound (A) to the transition metal complex 

45 is from 0.1 to 10000. nx)re preferably from 5 to 2000. and the molar ratio of the compound (B) to the transition metal 
complex is from 0.01 to 100. more preferably from 0.5 to 10. A concentration of each catalyst component used in the 
state of a solution or the state of being suspended in a solvent is appropriately selected according to the performance 
of the device used for feeding each catalyst conrponent in a polymerization reactor. It is preferable that each component 
is generally used so that the amount of transition metal complex represented by the chemical formula [I] is rK)rmaUy 

so from 0.01 to 500 ^nmt/g. preferatsly from 0.05 to 100 ^mol/g. mae preferably from 0.05 to 50 ^mol/g. the amount of 
oonpound (A) is normally from 0.01 to 10000 ^nx)t/g. preferably from 0.1 to 5000 (imol/g, more preferably from 0.1 to 
2000 pmol/g, in terms of Al atom, and the amount of conrpound (B) is normally from 0.01 to 500 ^mol/g. preferably from 
0.05 to 200 Mnx)i/g. more preferatily from 0.05 to 100 \imoUg. 

As the method of produdng the propylene-1-butene copolymer, for example, there can be used solvent polymeria 

55 zation using an aliphatic hydrocartxxi (e.g. butane, pentane. hexane. heptane arxj octane), an aron^atic hydrocartx)n 
(e.g. benzene and toluene), or a halogenated hydrocarbon (e.g. methylene dichloride) as a solvent slurry pdymeriza- 
tion and vapor phase polymerization in a gaseous monomer tt is also possible to use both continuous polymerization 
and batch polymerization. The potymerization temperature is within the range from -50 to 200^0, preferably from -20 to 
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100*C. The potymerization pressure is preferably from normal pressure to 60 kg/cn^Q. The polymerization time is 
appropriately selected according to the kind of the solvent to be used and reaction device, but is within the range from 
1 minute to 20 hours. K is also possible to add chain transfer agents such as hydrogen, so as to adjust the nKlecular 
weight of the polymer. 

The thermoplastic resin composition of the present invention comprises 3 to 9S% by weight of the above propylene- 
1 -butene copolymer and 97 to S% by weight of a polyolef in resin. 

Exanples of the polyolefin resin include high^iensity polyethylene, mediunvdensity polyethylene, tow-density pol- 
yethylene. ODPE (straight^hain low<Jensfty polyethylene), polypropylene resin and poly-4-methy^)entene-1. Among 
them, potyprcpylene resin is preferable. 

As the polypropylene resin used in the composition, a crystaUine polypropylene resin is preferable, and a homopd- 
ymer of propylene or a random or block copolymer of propylene and a small amount of a-olefh is preferable. When the 
above polypropylene resin is a random copolymer, the copolynwriration proportion of the other a-olefin in the copoly- 
mer is preferably not more than 1 0% by weight, more preferably from 0.5 to 7% by weight When the above polypropyl- 
ene resin is a block copolymer, the copolymerization proportion of the other a-olefin in the copolymer is preferably from 
1 to 40% by weigW.nrwrB preferably from 1 to 2S% by weight further more preferably from 2 to 20% by weight most 
preferably from 3 to 15% by weight. These polypropylene polymers may be those prepared by using two or more poly- 
mers in oorrtMnation thereof. As the index of the orystalfizability of potyprcpylene. for example, melting point or crystal- 
line netting erthalpy nr«y be used. The melting point is preferably within the range from 120 to ITB'C, and the 
crystalline melting enthalRf is preferably within the range from 60 to 120 J/&. When the melting pointor melting enthalpy 
of the crystal is loo tow. the resulting material may be inferior in heat resistance. 

Examples or the method of producing the pc^yoiefin rem 
conprising homopdymerizing propylene in a single- or multi-stage according to slurry polynwrization. vapor phase 
pdymerizatioa bulk polymerization, solution potymerization or a combination thereof, using a so^alled 2egler-Natta 
catalyst using a titaniunv-containing solid transition metal conponent in combination with an organomelal component 
or a metalkx:ene catalyst composed of a compound having at least one cydopentadienyl skeleton of a transition metal 
of Group4AtoGnoup6Aoftheperkxictableandacocataiyst component or a method of producing a pnopylene^a- 
olefin copolymer, comprising oopdymenzing propylene with a-olefin having 2 or 4 to 12 carbon atoms, preferably eth- 
ylene, in a single- or multi-staga A commerdally available product can also be used. 

The ihermopiastK resin compositton of the present invention comprises 3 to 95% by weight of the propylene-1- 
butene copolymer and 97 to 5% by weight of the polyolefin resin ((A) + (B) = 1 00% ). Preferably, the thermoplastk: resin 
composition comprises 1 0 to 80% by weig^it of the propyiene-1 -butene copolymer and 90 to 20% by weight of the poly- 
olefin resin. More preferably, the thermoplastic resin compositton comprises 30 to 70% by weight of the propylene-1- 
butene copolymer and 70 to 30% by weight of the polyolefin resin. When the amount of the propylene-1 -butene copol- 
ymer is too targe (the amount of the polyotef in resin is too smalQ. the fluidity is towered, which results in poor moktability, 
strength and heat resistance. On the other hand, when the amoum of the propytene-1 -butene copolymer is too small 
(the amount of the polyoleftn resin is too large), the f fexibilrty is poor or scratch resistance is poor. 

To the thermoplastto resin composition containing the propyiene-l -butene copolymer of the present inventton. other 
rubber components such as ethyfene-propylene copolymer ntter. ethylene-propytene-nonoor^ugated diene copoly- 
mer njbber. ethytene-1 -butene copolymer rubber, polybutadiene. styrene-butadiene block copolymer rubber, styrene- 
butadiene-styrene block copolymer rubber. styrene*utadiene random copolymer rubber, partially hydrogenated sty- 
rene-butadiene-styrene block copolymer rubber, partially hydrogenated styrene-butadiene random copolymer rubber, 
styrene-isoprene btock copolymer rubber and partially hycfrogenated styrene-isoprene block copolymer rubber may be 
added, if necessary, in additton to the propylene-1 -butene copolymer and polyolefin resin as the essential component. 
The crosslinMng reaction can also be conducted by the additton of peroxides. H necessary. Furthennore. antioxidants, 
heat stabiltzers, uttraviotet absort>er8. Ii^cants, antistatic agents, pigments, ffllers and/or flame retaidants may also be 
added, if necessary. 

Exanples of the method of obtaining the thermoplastto resin composition containing the propyiene-l -butene copol- 
ymer of the present invention include method of melt-kneading the respective components, using a twin-screw extruder 
or a Banbury mixer. 

The themwplastto resin composition containing the propylene- 1 -butene copolymer of the present inventton can be 
suitably used &g. in appliances, automobile parts and notions, utilizing its excellent characteristtos. In the automobile 
parts, it can be suitatsly used in interior skins such as in-pane. door and pillar, as well as air-bag cover. 

EXAMPLES 

The present inventton will now t>e illustrated by means of the following Examples, which should not bo construed 
as a limitation of the scope of the invention. 

The measuring method of the content of 1 -butene in the propylene- 1 -butene copolymer is as follows. 



10 



EP0842 955A2 



[Calibration curve] 

Each mixture of propylene and 1 -butene homopdymers in various mixing ratios vms heat-pressed and then molded 
into a film having a thictoiess of 0.05 mm Using an infrared spectrometer, an absortsance ratio of a peak derived from 
5 a propylene unit (wavenumber: 1 1 50 cm'^) to a peak derived from a 1 -butane unit (wavenumt>er: 770 cm'^ ) was deter- 
mined and the content of the 1-butene unit in the mixture was pitted versus this absorbance ratia A regressk)n line 
was determined from these plots and was taken as a calbration cuva IncklentaJty, the mixture of the propylene and 1 - 
butane homopotymers was dissolved in toluene and methanol was added, and the resulting precipitate was used after 
drying, 

10 

[Measuremem of corrtent of 1 -butene] 

The propy1ene-1 -butene copolymer was heat-pressed arxJ molded into a film having a thickness of 0.05 mm. Then, 
an absortMUice ratio of a peak derived from a propytene unit to a peak derived from a 1 -butene unit was determined and 
IS the content of the 1 -butene unit in ttie propylene-1 -butene copolymer was calculated by the calibration curve obtained 
by the above method. 

The hardness of the prcpylene-1 -butene copolymer was measured according to ASTM D2240. 

In heating and coofing processes, the measureniem was conducted at a rated 10 ''CM using a differOTtial 
scanning calorimeter (DSC220C. manufactured by Seiko Denshi Kogyo Co.). 
20 The measurement of the intrinsic viscosity h] is conducted in xylene at 70''C using an Ubbetioide viscometer. A 
sample (300 mg) is dissolved in 100 ml of xylene to prepare a sotutkm (3 mg/mO* Furthermore, the solution was diluted 
in a dilutkxi of 1 :2. 1 :3 and 1 :5 and then measured in a constant- temperature water bath at 70'C(±0.1X), respectively. 
The measurement was repeated three times at each cor)cerrtratk)n, and the resulting ^ues are used after averaging. 

The molecular weight distribution is determined by gel permeation chromatography (GPC) (150C/QPC device, 
25 manufactuedby WBter8Co.].Theelutingtenperatureis140°CandSodeKPaG^ 

and, furthermore, polystyrene (nmnufactured by Toso Ca. molecular weight 68-8,400.000) is used as a molecular 
wetgfrt standard substance. The resisting wetght^avarage moleaiar weight (Mw) (in terms of polystyrene), number- 
average molecular weight (Mn) and ratio (MwfMn) are taken as the molecular weight dtetribution. A measuring sample 
is prepared by dissolving a polynier (about 5 nng) in 5 ml of o-dchtorobenzenei mgM.400 
30 ^1 of the resulting sarrple sohjtkm is ir^ected and the refractive index is detected at a solvent eluting rate of 1 .0 mi/min 
using a refractive index detector. 

Using a twin-screw batch type iaboplasto-mill (manufactured by Toyo Seiki Co.). the fbrmulatkm components 
shown in Table 2 were kneaded at the temperature of 200^C, at a saew rotary speed of 100 rpm for 3 minutes. The 
compo si tion was pressed at 200*C to prepare a sheet having a thida>es6 of 2 mm. A test sample was punched out from 
35 the press sheet and then mealed. 

Various characteristkx of the propylene-1 -fcxjtene copolymer compositions descrifc>ed in the Exanrples and Com- 
parative Examples were measured by the fblkswing methods. 

(1) Hardness: ASTM D2240 
40 (2) Bending test: JIS K7203 

(3) Tensile test: JIS K6301 The test was conducted at a stress rate of 200 (mmMia) using a Na 3 dumbbell. 

(4) Scratch resistance test: A scr at ch mark was made by scratching a press sheet having a thickness of 2 mm as 
a sample at a fixed rate by a scratching needle with a load of 500 g, using a surface properties measuring devwe 
Trikx)gear (marvfactured by ^tinto Kagaku Co.). The depth of the scratch merit was measured by a contact type 

46 surface roughness meter Surfcom (marufactured by Tokyo Seimrtsu Ca) in the order of ^m. 

(5) Haze: JIS K7105 A press ^eet having a thickness of 2 mm was measured. 

(6) Differential scanning cakxinwter (DSC): In heating and cooling processes, the measurement was conducted at 
a rate of lO^CAninute using a differential scanning catorimeter (DSC220C. manufactured by Seito Denshi Kogyo 

Co.). 

so 

Example 1 

After a separable flask reactor having a volume of 2 1 was equipped with a stirrer, a thermometer, a dropping funnel 
and a reflux condenser and evacuated, the atmosphere in the flask was replaced by nitrogen. Toluene (1 liter) was intro- 
55 duced into the flask as a polymerization solvent. Then, propylene (8 NUmin.) and 1 -butene (0.5 NL/inia) were contin- 
uously fed into the flask, and the solvent terrperature was adjusted to ZO^'C. After triisobutylaluminum (hereinafter 
abbreviated to TIBA) (1 .25 mmd) was added in a polymerization vessel, dimethytsilyl(tetFamethytcyclopentadienyt)(3-t- 
butyt-5-methyl-2-pherK>xy)titanium dichloride (0.005 mmol) was added in the polymerization vessel as a polymerization 
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catalyst Rfteen seconds after the addHion. triphenylmethyttetrakis(pentaJluofDprienyl)borate (0.025 mmol) was added 
in the polymerization vessel and the poJymeiizalion was initiated. As a result of the polymerization tor 30 minutes, 155.8 
g of a pronrtdne-1-butene copolymer was obtained. 

Examples 2 to 16 and Conparative Examples 1 to 10 

Aocori^g to substantially the same nianner as that described in Example i except tor changing the amount of the 
monomer and amount of the catalyst shwn In Tables, a copolymer was obtained. Pofypropylene compositions were 
obtained by blending according to the TaUes. The detailed results are summarized in the Tables. 

As is apparent from the results, the polypropylene compositions of Examples 9 to 16 using the copolymers of 
Examples 1 to 8 satisfying the conditions of the present invention have low f texural modulus, high tensile etongalion and 
excellent saatch resistance and transparency in comparison with tiie polypropylene composition of Comparative 
Example 6 to 10 using the copolymer of Comparative Example 1 to 5. 



(Table 1) 



Propylene-1 -butene copolymer 






Example 






1 


2 


3 


4 


5 


6 


7 


8 






A-1 


A-2 


A-3 


A.4 


A^ 


A-6 


A-7 


A^ 






PBR 


PBR 


PBR 


PBR 


PBR 


PBR 


PBR 


PBR 


Polymerization temperature 


-c 


30 


30 


30 


30 


30 


30 


30 


30 


Polymerization time 


min 


30 


30 


30 


30 


30 


30 


30 


30 


rropyione yas 


L/min 


8 


6 


8 


4 


8 


8 


8 


8 


1 -Butene gas 


L^in 


0.1 


0.1 


0.2 


0.1 


0.3 


0.5 


0,5 


0.5 


Hydryogen gas 


L^in 


0 


0 


0 


0 


0 


0 


0 


3 


•1(a) 


mmol 


1.25 


1.25 


1.25 


1.25 


1.25 


1.25 


0.75 


1.25 


*2(b) 


mmd 


0.025 


0.025 


0.025 


0.025 


0.025 


0.025 


0.0075 


0.025 


•3(c) 


nvnol 


0.005 


0005 


0.005 


0.005 


0.005 


0.005 


0.0015 


0.005 


Propylene content 


monb 


>99.5 


98 


93 


92 


88 


81 


57 


81 


1 -Butene content 


monb 


<0.5 


2 


7 


8 


12 


19 


43 


19 


Hardness: 




















Shore A-scale 




A5 


46 


45 


45 


45 


34 


24 


13 


Shore 0-scale 




12 


13 


12 


12 


13 


8 


5 




Intrinsic viscosity fn] 


dl/g 


2.1 


1.7 


1.5 


1.4 


1.3 


1.0 


0.5 


0.4 


Tg 


-c 


-7.4 


-7.2 


-7.7 


-7.9 


-8.2 


-9.3 


-14.2 


-8.5 


Crystaliizability 




No 


No 


No 


No 


No 


No 


No 


No 


Crystalline melting point 




tio 


No 


No 


No 


No 


No 


No 


No 


Crystalline melting calorie 


rr^Ang 


No 


No 


No 


No 


No 


NO 


No 


No 


GPC Mw/Mn 




2.5 


2.4 


2.2 


2.2 


2.2 


2.1 


^1 


2.7 
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(Table 2) 



Propyldne- 1 -butene copotymer 






Comparative example 






1 


2 


3 


4 


5 






A-9 PB 


A-10 PBR 


A-11 PBR 


A-12 PBR 


A-13 PP 


Polymerization tenperature 


•c 






30 


50 


30 


Polymerization time 


min 






30 


30 


30 


Propylene gae 


Umin 






8 


8 


8 


1 -Butene ga& 


L/min 






1.0 


0,5 


0 


Hydryogengas 


L/min 






0 


3 


0.7 


•1(a) 


mmol 






1.25 


1.25 


0.625 


•2(b) 


mmoi 






0.01 


0.025 


0.0125 


•3(c) 


mmol 






. 


0.005 


0.0025 


•4(d) 


mmol 






0.02 


. 


. 


Propylene content 


mol% 


24 


71 


70 


79 


100 


1 -Butene content 


mol% 


76 


29 


30 


21 


0 


HardneGs: 














Shore A*€cale 




94 


39 


93 


<10 


40 


Shore D-scaie 




47 


12 


52 






Intrinsic viecosity [vi 


dUg 


1.4 


0.4 


1.8 


0.2 


1.1 


Tg 


«c 


-27 


-ia4 


-12.1 


-10.3 


-6.5 


Crystallizability 




Yes 


Yes 


Yes 


No 


No 


Crystalline melting point 


•c 


75 


49.7 


76.2 


r4o 


No 


Crystalline melting calorie 


nr^Ang 


27 


4 


30 


No 


No 


GPC Mw/Mn 




3.7 


8.8 


2.2 


2.3 


3.2 



1(a): Trascbutylaluminum 

*2(b): TriphenylmethyttetraKis(pentafluoropheriyl)borate 

*3(c): Dimethyl8ityl(tetramethyicyclopentadienyQ(3-t-butyl-5-methyt-2-^ dicMoride 

*4((Q: A-8PB: Polybutene M2481 (manuiactured by Mitsui Petrochemical Co.). Ml at 230<*C under load of 2.16 Kg: 

4.0 A-9PBR: Propylene- 1 -butene rubber UBETAC APAO UT2780 (manuiactured by UBE REXENE Co.) 

A-1 to A-8. A-9 to A-12 PBR are propylene-1 -butene rubbers. 
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(Tabled) 



Propytene-I -butene oopolymer composition 


Copolymer 


Unit 


Example 






9 


10 


11 


12 


13 


14 


15 


16 


A.I 


Wtlb 


50 


















wt% 




50 














A *i 


wt% 






50 














wt% 








50 










AS 


Wt% 










50 








A-6 


Wt% 












50 






A-7 


wt% 














50 




A-8 


















50 


B-1 


wt% 


50 


50 


50 


50 


50 


50 


50 


50 


Hardness: 




















Shore A-scale 




d3 


93 


93 


93 


93 


93 


93 




Shore D-scale 




52 


53 


52 


52 


53 


52 


52 




Reooxal modulus 


Kgl/cm2 


1350 


1330 


1340 


1450 


1440 


1420 


1420 


1400 


Tensile strength 


Kgi/cnf 


106 


122 


129 


121 


124 


111 


101 


108 


Tensile elongation 


% 


870 


1000 


980 


900 


960 


860 


680 


700 


Scratch depth (500 g load) 


(xm 


22 


19 


27 


25 


21 


35 


46 


64 


Haze(2mmt) 


% 


80 


69 


66 


68 


70 


70 


67 


70 


PP crystaline melting calorie 


mjAng 


56 


55 


57 


58 


54 


54 


55 


44 
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(Table 4) 



Propylene-1-butene copolymer composition 


Copotymer 


Unit 


Comparative example 






c 
0 


7 


o 
O 


Q 


lU 


A-9 














A-10 














A-1 1 


WI70 












A-12 


wt% 








o / 




A-1 3 














B-1 


wt% 


ou 


ou 


ou 


DO 


ou 
















Shore A-scaJe 




97 


92 






92 


Shore D-scale 




63 


53 






51 


Rexurai modulus 


Kgf/cm^ 


6740 


2560 


6800 


2720 


1610 


Tensile strength 


Kgf/cm^ 


258 


152 


300 


109 


76 


Tensile elongation 


% 


400 


720 


680 


470 


393 


Scratch depth (500 g toad) 


nm 


83 


75 


48 


79 


33 


Haze (2 mmt} 


% 


86 


71 


87 


79 


84 


PP crystafline melting calorie 


mjAng 


49 + 8.8* 


56 


38 


53 


44 



B-1 : Homopoiypropylene wherein Ml at 230^0 uider a load of 2.16 Kg is 14 (g/10 min.) 
*: Melting calorie peak which arises between Tm of polypropylene and that of pdybutene 

Clatms 

1 . A propylene-1 -butene copolymer wherein the Shore A-scale hardness measured according to ASVA D2240 is not 
more than 70 and the intrinsic viscosity [r\] measured in a xylene solvent at the temperature of 70<'C is not less than 
0.3 and which shews no crystalline melting peak and no crystallization peak in differential scanning cak)rimeter 
(DSC) mesurement. 

2. The propylene-1 -butene copolymer according to claim 1 , wherein the Shore A-scale hardness measured according 
to ASTM D2240 is not more than 60. 

3. The propylene-1 -butene copolymer according to daim 1 or 2, wherein the intrinsic viscosity [t|] measured in a 
xylene solvent at the tenperature of 70'C is not less than 0.5. 

4. The propylene-1 -butene copolymer according to any one of ciaims 1 to 3, wherein the f lexural nrxxlutus of the ther- 
nxsplastic resin conrposrtion comprising 50% weight of the prcpylene-i -butene copolymer and 50% weight of the 
homopoiypropylene is less than 2500 kgf/bnrf. 

5. The propylene- 1 -butene copolymer according to any one of claims 1 to 4. wherein the molecular weight distrit)ution 
Mw/Mn measured by gel penmeation chromatography (GPC) is not more than 3. 

6. The propylene-1 -butene copolymer according to any one of claims 1 to 5. wherein the content of 1 -butene is from 
0.5 to 90% by mol, preferably from 1 to 70% by mol. 

7. The propylene-1 -butene copolymer according to any one of daims 1 to 6. wherein the content of a t)oiling n-hep- 
tane-insolubie component is not more than S% by weight, preferably not more than 3% by weight. 
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8. The propyiene-l-butene oopo*ymer according to any one of daims 1 to 7. wtierein the content of a boiling methyl 
acetate-soluble component is not more than 2% by weight. 

9. The propylene-14xitene copolymer aoconding to any one of claims i to 8, wherein said copolymer is obtained by 
copolymerizing propylene with 1-butene using a catalyst which can produce a propylene polymer having neither a 
crystalline melting peak nor a crystallization peak in case of measuring by a differential scanning calorimeter 
(DSC). 

1 0. The propylene-1 -butene copolymer according to daim 9. wherein the catalyst is represented by the following chem- 
ical fonmuta (Q: 




(wherein representB a trmitk)n meUU atom of G^oup 4 of the periodic table ^ elements: A represents an 
atom of Group 16 of the penoefictaUeof the elements: B nwesents an atom of Group 14 of the periodic table of 
the elements; Cp^ represents a group having a cydopentadiene form anion skeleton: X\ X^. R\ r2 r3^ rS 
and independently represent a hydrogen atom, a hatogen atom, an alky! grotp having 1 to 20 carbon atoms 
which may be substituted with a halogen atom, an aralkylgroip having 7 to 20 cartx)natDnrewhk:h may be substi- 
tuted with a halogen atom, an aryl group having 6 to 20 cartxjn atoms which may be substituted with a halogen 
atom, a sutetituted silyt group having 1 to 20 cartx>n atoms whk:h may be substituted with a halogen atom, an 
alkoxy group having 1 to 20 cartxm atonis which niay be substituted with a hak>gen atom, an aralkyk>xy 
ing 7 to 20 carlxjn atoms which may be substituted with a halogen atom, an aryloxy group having 6 to 20 carbon 
aton« which nfiay be substituted with a hatogen atom, or a di-substituted anrano gr^ 
R^ . r2 r3, R*, r5 and R^ may optionally be combined with each other to form a ring). 

11 . A thermoplastic resin compositk)n comprising 3 to 95% by vveight. preferably 1 0 to 80% by weight of the propylene- 
1 -buene copolymer accoiding to daim 1 and 97 to 5% by weight preferably 90 to 20% by weight of a polyolef in 
resia 

12. The thermoplastic resin composition according to daim 11, wherein the poiyolefin resin is a crystalline pdypropyl- 
ene resin. 

1 3. Use of the themioplastic resin compositfon according to daims 1 1 or 1 2 for the production of formed artides. 



